Motor activity recording by a wrist-worn device is a common method to monitor the rest-activity cycle. The first author wore an actimeter continuously for more than three decades, starting in 1982 at the age of 43.5 years. Until November 2006 analysis was performed on a 15-min time base, and subsequently on a 2-min time base. The timing of nighttime sleep was determined from the cessation and re-occurrence of daytime-level activity. Sleep duration declined from an initial 6.8 to 6 h in 2004. The declining trend was reversed upon retirement, whereas the variance of sleep duration declined throughout the recording period. Before retirement, a dominant 7-day rhythm of sleep duration as well as an annual periodicity was revealed by spectral analysis. These variations were attenuated or vanished during the years after retirement. We demonstrate the feasibility of continuous long-term motor activity recordings to study age-related variations of the rest-activity cycle. Here we show that the embeddedness in a professional environment imparts a temporal structure to sleep duration.
Motor activity recording by a wrist-worn device is a common method to monitor the rest-activity cycle. The first author wore an actimeter continuously for more than three decades, starting in 1982 at the age of 43.5 years. Until November 2006 analysis was performed on a 15-min time base, and subsequently on a 2-min time base. The timing of nighttime sleep was determined from the cessation and re-occurrence of daytime-level activity. Sleep duration declined from an initial 6.8 to 6 h in 2004. The declining trend was reversed upon retirement, whereas the variance of sleep duration declined throughout the recording period. Before retirement, a dominant 7-day rhythm of sleep duration as well as an annual periodicity was revealed by spectral analysis. These variations were attenuated or vanished during the years after retirement. We demonstrate the feasibility of continuous long-term motor activity recordings to study age-related variations of the rest-activity cycle. Here we show that the embeddedness in a professional environment imparts a temporal structure to sleep duration.
IN TROD UCTI ON
Sleep research has entered the world of big data. Internetbased questionnaires have provided insights into sleep habits of more than 150 000 individuals from all over the world (Roenneberg, 2013) . In another study, a smartphone application (app) was used for large-scale data acquisition showing the potential of mobile technology for real-world sleep science (Walch et al., 2016) . However, while these technological developments allow enlargement of the sample size and overcome spatial limitations, they cannot compress time. Thus, by necessity, long-term longitudinal studies require prolonged recordings. In this report we present data of the sleep-wake cycle based on continuous wrist-activity recordings obtained during more than three decades.
In 1980 the first author and his team assembled a selfcontained battery-powered wrist-worn electronic accelerometer at the Institute of Pharmacology, University of Zurich. This project was inspired by the pioneering study by Wehr et al. (1979) , who used such a device (Colburn et al., 1976) to record motor activity for several weeks in psychiatric patients to monitor their mood changes. We first applied our actimeter in exploratory studies in physiology, pharmacology and geriatrics (Borb ely et al., 1981) , and then showed its usefulness for documenting residual daytime effects of hypnotics (Mattmann et al., 1982) . It was at that time that the present long-term motor activity recording was started. It was not part of a specific research project, its only rationale being curiosity. As time went by it became clear that a unique data set was being gathered. A challenge was to keep track of the schedules, times of data read-out and battery change which, in the beginning, occurred at short intervals. A first data analysis was undertaken in 1999 in the framework of an unpublished Master's thesis. Furthermore, activity data from 7 years were plotted and made available to the artist Andreas Horlitz, who used it for adorning a 25-m high steel column lit from the inside (Abbott, 2001) . The data collection is still ongoing. Nevertheless, after more than three decades and cognizant of life's finitude it was deemed timely to undertake a first analysis. Here we focus upon sleep duration.
METH ODS AND D ATA ANAL YSIS
The first author was the experimental subject. At the start of study his age was 43.5 years. Throughout the recording period he had no sleep problems, did not nap during daytime ª 2017 European Sleep Research Society and did not take central nervous system (CNS)-active medication. There were no major health problems. He was professionally active until mid-2006, when he retired. Before retirement he used an alarm clock regularly on weekdays; after retirement, only occasionally. During vacations sleep was terminated without the alarm clock.
The continuous wrist-activity recording was started on 21 September 1982. The device was worn on the wrist of the non-dominant (left) arm and was removed only for showering, swimming and data readout.
During the three decades of recording, microelectronics advanced substantially. Consequently, actimeters decreased in size and weight and increased in storage capacity. The first two types of actimeter, weighing 87 and 48 g, were self-assembled and consisted of a solid-state device with a piezo-electric transducer of acceleration (Borb ely, 1986) . Supra-threshold movements (exceeding 1 g acceleration in the sensitive direction) triggered pulses that were counted over a 15-or 7.5-min period and stored in a 1-or 8-kB memory with 8-bit resolution. A time-window prevented saturation. This first generation of selfassembled devices was used until 15 March 1999.
From 15 March 1999 to 6 November 2006, an advanced, commercial version of actigraphy was used, which was produced by a spin-off company of the Institute of Pharmacology (Gaehwiler Electronic, Hombrechtikon, Switzerland). The time resolution of 7.5 min was maintained.
From 6 November 2006 to 31 December 2015 the Actiwatch Light (Cambridge Neurotechnology, Cambridge, UK) with 64 kB memory (16-bit resolution) was used, and the time resolution was set to 2 min.
The data were read at regular intervals and stored in a digital computer. For analysis, the data obtained with the first devices were consolidated into 15-min epochs.
Sleep duration was determined with a threshold-based, semiautomatic procedure ( Fig. 1 ; for details see Supporting information). A visual check was performed for all nights and corrections were made where required.
A drop of sensitivity of the Actiwatch precluded a reliable estimation of sleep duration for days 147-365 in 2010 and days 1-79 in 2011. These periods are displayed in the summary figure (Fig. 2 ), but were not used for analysis. Moreover, in the entire recording period some data loss (3.4% of recording period) occurred due to equipment failure, resulting in a total data loss of 5.8%. Fig. 1 shows two 1-month recordings to illustrate the definition of sleep (blue areas). In the left panel time resolution is 15 min, in the right panel 2 min. The high-resolution data reveal short activity peaks at night. The cessation of activity at sleep onset is demarcated more clearly than its rise at sleep offset.
RESUL TS
A summary plot of the entire recording period is depicted in Fig. 2 . Activity is colour-coded, light colours representing high activity. The sleep period is evident as a dark vertical band. To obtain a uniform visual representation the variations in time resolution and monitor sensitivity were adjusted and normalized. The 2-min resolution data were first down-sampled to 15-min resolution (alternating mean of eight and seven 2-min epochs) and the activity levels were normalized to 8-bit resolution. To obtain similar colour-coding during the 33 years, activity of each year was normalized to the level of the first full year (1983) (see Supporting information for intra-year normalization in 2010 and 2011). Sensitivity variations within a year may give rise to apparent changes in activity (e.g. 1992 and 2006) . Periods with data loss are indicated by orange areas. All data were set to Central European Time (CET), wintertime. During the first 15 years, several phase-shifts of sleep due to travel across time-zones are seen. Between 1983 and 2002 a 2-to 3-week high activity band at the end of July and first part of August is due to hiking during summer vacations.
Sleep duration varied across the 33-year recording period (Fig. 3) . During the first 7 years, sleep duration was 6.5-6.7 h. It then showed a progressive decline, with a plateau of approximately 6.25 h. After a hump, sleep duration declined to a minimum of 6 h in 2004. The subsequent rise continued, reaching the initial level of 6.7 h. In contrast to the mean values, standard deviation showed a declining trend of 0.013 h year À1 .
The time-course of sleep duration during the year was computed separately for the period before and after retirement (Fig. 4) . A conspicuous rise by more than an hour is seen during the summer vacation period, and a smaller and shorter increase at the end of the year. These effects were present only in the pre-retirement years.
To assess the changes over the week, mean values were computed for each day of the week (Fig. 5, double-plotted) . In the pre-retirement years the weekend prolongation of sleep was a prominent feature. A rise from 6.2 to 6.7 h occurred during the night of Friday to Saturday, reaching a maximum of more than 7.1 h on the following night. A much smaller variation of 0.4 h without a marked weekend peak was seen in the post-retirement years.
To assess the periodic variations of sleep duration, a spectral analysis was performed using two methods (LombScargle, Fig. 6 and F-periodogram, Supporting information, Fig. S1 ). The Lomb-Scargle periodogram analysis (Lomb, 1976; Scargle, 1982) (Matlab 2016, Mathworks, Natick, MA, USA) was applied because it can deal with unevenly spaced or incomplete data [see Ruf (1999) for applications of this method in parallel with chi-square periodogram analysis to biological rhythms]. The weekly periodicity is the dominant feature observed with both methods. The annual periodicity shows up as a broad peak Fig. 6 (top) and is also evident in the F-periodogram (D€ orrscheidt and Beck, 1975 ; Supporting information, Fig. S1 ). The peaks at 73, 122 and 182 days are harmonics of the annual rhythm.
A separate spectral analysis for the pre-and postretirement period confirmed the changes in periodicity ( 
Three decades at a glance
It is unique to view more than three decades of rest-activity in a single, compact figure. We would like to make the following comments. First, notwithstanding the occasional phase-shifts caused by crossing time-zones, the regularity of the plots is striking. It is an impressive reminder of the extent to which the sleep-wake cycle is attuned to the environmental 24-h cycle. It is being increasingly recognized that the cycle also imparts a temporal segregation to metabolism (Borb ely et al., 2016) . Secondly, the feasibility of continuously recording physiological and behavioural variables over prolonged time-periods renders the time-scale of years and decades accessible to novel types of research. However, this statement needs to be qualified. At a time when a rapid return of investment, including in science, is expected, a project lasting years or decades is unlikely to be undertaken or funded. Technology itself is also a limiting factor, because due to its rapid advancement the useful life cycle of commercial devices is restricted. As a last point, this single case study represents a type of phenomenological approach, and is not hypothesisdriven. Registering every movement over several decades can be regarded as a particular type of autobiography.
Sleep pattern related to age and retirement
It is interesting to see how the sleep duration data fit with population studies. It so happens that the first author conducted a survey of sleep habits of the Swiss population at the start of his own activity recording, and that former (Borb ely, 1984; Tinguely et al., 2014) . As has been reported in numerous other surveys, the distribution of sleep duration on weekdays peaked in the 7-8 h bin, with markedly lower values in the two adjacent bins. The distribution was similar in both surveys, although mean sleep duration was In both surveys, sleep at weekends was 1 h longer than on weekdays, a difference that diminished with age. In the present recording, a 1-h difference was evident in the professionally active period, but no longer after retirement (Fig. 5) . This is also seen in the prominent 7-day periodicity of the periodograms (Figs 6 and S1 ). The temporary release from professionally imposed sleep restriction is also reflected in the changes during the year. The rise in sleep duration during the 2-to 3-week summer vacation and around New Year vanished after retirement (Fig. 4) .
The time-course of sleep duration over 33 years is puzzling. The values in the first 7 years are above 6.5 h. This is followed by a decline and a 6-year plateau. A transitory rise is followed by a further decline, reaching the minimum of 6 h in 2004. A rise then sets in, with a steep increase during the first post-retirement year (2007), finally reaching 6.6-6.7 h, a level similar to sleep duration at the outset of the recording. There is no evident relationship with the type of professional activity, which consisted of research and teaching until 1998 and academic administration (dean of the medical faculty and vice-president for research of the university) until the autumn of 2006, and then relief from professional duties. In Switzerland, mandatory retirement entails the cessation of all academic activities. A retirementdependent rise in subjectively assessed sleep duration has been reported recently (Hagen et al., 2016) . ). Red lines indicate 0.05 significance level. Note prominent 7-day periodicity and annual peak in the top two panels, where a semiannual peak and a sharp 74-day peak are also evident (see text for interpretation).
It is not excluded that an age-dependent factor contributed to the pattern of sleep duration. There was a U-shaped pattern in the two Swiss surveys (Borb ely, 1984; Tinguely et al., 2014) . However, the minimum had already occurred in the 50-59-and 30-39-year bin, respectively. In a large-scale internetbased survey, the minimum was situated at approximately 60 years (Allebrandt et al., 2010) . In the present data, a distinct age-related change consisted in the declining trend in the variance of sleep duration (Fig. 3) . Interindividual variability, as assessed in a smartphone app study, also showed an age-dependent decrease (Walch et al., 2016) . The increasing regularity of sleep duration could be a sign of rising stability in the sleep-wake cycle, but also of diminishing flexibility.
Embeddedness in society
In summary, the records demonstrate the considerable extent to which society imparts its temporal structure on the sleep-wake cycle or, put differently, the extent to which the sleep-wake cycle can adapt to societal requirements. However, it should be kept in mind that, during the weekdays of the professionally active period, sleep curtailment occurred with the help of the alarm clock. The weekly and annual 1-h prolongations of sleep can be considered as rebounds from pressure exerted by professional obligations. Retirement entails a permanent disengagement from externally imposed temporal patterns and allows increased self-pacing of the sleep-wake cycle. In particular, the dominant 7-day periodicity of society is relinquished. The potential health risk of sleep curtailment is a frequent topic in recent literature. The subject of the present study has not perceived the reduced sleep time on weekdays as a real problem, and there were no signs that they affected his physical or mental wellbeing. He regards the pre-and post-retirement phases essentially as different modes of living. The prolongation of sleep duration during summer vacation clearly has a different origin from the seasonal changes observed in pre-industrial societies (Yetish et al., 2015) . Nevertheless, annual rhythmicity also persists in modern society.
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